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SLR group Grav. field group Fundamental Station Metsahovi
G. Kirchner K. Arsov K. Arsov

2007-cur Responsiblle for Metsahovi Fundamental
station in general and SLR in particular.
Work concentrated on the new 2KHz SLR
in Metsé&hovi; inplementation of all the
new hardware+software and fine tunning
the system. Research also on Satellite
Geodesy in general and Gravity from
space in particular.




Some Department Tasks

@ EUREF and its realisation in Finland
(EUREF-FIN), connection to the international
frames

@ Vertical datums, precise levelling, and new
Finnish height system, participation in the creation
of new European vertical datum

@ Participation on IAG services (IGS, IVS, ILRS,
IDS) and other international permanent geodetic
networks (EPN, GGP, NGOS, GGOS ...),
especially using FinnRef and the instrumentation
in Metsahovi

@ Promotion, education and consultation on new
reference frames in Finland;
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| SLR general

@ Not operational from second half of 2005

@ Old 1Hz system; difficult maintenance and
observations, most of equipment old and
obsolete.

@ Personnel change; late 2006 decision to
completely renovate the system; started Apr 2007.

@ New laser late 2006, HighQ 2KHz, Nd:VAN solid
state laser., pulse 12.3ps 830mW, 0.425mJ
@532nm.

@ Purchase of A0O32-ET for 2KHz timing

@ Graz+own fpga based RGG board for time critical
tasks.

@ UTC timing; GPS time + frequency receiver from
CNSSYS (used frequently in VLBI);Serves also
as NTP time server.

@ Meteo server; Vaisala PTU200 (in the station at
the moment 5 barometers present)




SLR general

New photodetector C-SPAD replaced the old PMT.
Couple of pulse distributors.
Timing signal from H. Maser.

New encoders for the telescope together with
motors, complete renovation of the telescope is
undergoing.

New room for SLR instrumentation.

New operational software from scratch to suit the
new 2KHz SLR.

Primary telescope mirror recoated.

Mechanical/optical solution for the separate beam
path under implementation.

Seeking funding for a new telescope and a dome
to host the new SLR observatory building in the
future



SLR software outlilne

@ Windows 7 operating system with intel i9 -> 8
threads.

@ Operator knowledge only how to use mouse.
@ RTOS not needed because of:
@ Windows is never later then 1 msec. Especially in
loops, threads or services.
@ Running only the most necessary services.
o All time critical tasks are programmed as windows
services or threads or executed in hardware.
@ A032-ET has FIFO buffers, so no need for
real-time.
o All fpga board tasks done in FIFOs.
o Min "idle" requirement is ToF. GOCE 1.5-2 ms.
@ Graphics is done with DirectX10 inside graphics
board. Partly is programmed as video game.
o Full GUI implementation with MFC library.




SLR software outlilne

@ RTOS not needed because of: (cnt.)

o all writings to disk are done binary in threads
writing big amount of data at once; ex. write
everything after 5 min observing from service.

e all interpolations, computations etc from threads.

@ Writing everything new from scratch tailored to
2KHz system
o C++ as programming language +MFC and partly
Assembler.
@ RGG -> fpga, hardware accelerated, couple of
event timers inside, laser control, C-SPAD etc.

@ Master windows computer for session planning,
SLR measurement, Graphics, 1Gb LAN for time
telescope and meteo server communication.

@ design of our own fpga SLR controller board
based on Graz DOS ISA board.




SLR software outlilne

@ PCI and win instead of ISA and DOS
@ 150 €board with our own software

@ Automatic session downloading, CPF treatment,
session planning, observation etc.

@ Graphics rendering, computations, display
controlled by the graphics external board, no
additional burden on CPU.

Full 2KHz scenario uses only 20% of the CPU.
Capable of 10KHz observations scenario.

Use of LAVA PCle for timer reading.
User/administrator usage for preserving modifying
the properties/sessions.

@ 1s screenshots copied to ftp server for
documentation.




And very important...

ITIS FREE TO ANYONE INTERESTED!!

gGPL) licence; Code freely available to
LR community!



SLR meteo + UTC

@ Own program for Meteo
data and NTP

@ CNSClock Il for UTC
offset
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SLR software
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SLR A032-ET overlapping
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SLR ftp cpf orbits

FTP Session
FTP Connection FTP Servers
@ Ascii FTP Site:  cddis.gsfe.nasa.gov uﬂ CPF orbits CDDIS pred. - Del 2l

(Z1Binary FTP Type: anonymaus

fip: fslrjcpf_predictsjeurrent | Edit
. CURRENT -
File name Fiis File name Filesize Date( *
[ |
R i ¢ R i
|| _cpf 090825_5051.hts o || ajisai_cpf_09091... T4KB 1109,
|_| ajisai_cpf_090910_7521.hts E _|andec_cpf 0904... JO1KE 11.09.
|| gjisai_cpf 090910 7541 jax i === | | andep_cpf_0909.., J0IKB  11.09.
|| ajisai_cpf_090911_7541.sgf || anderra_cpf 071... TJO1KE 11.09.
Landac erd NONAT1 7547 nrl ol | anderro cof 080... 676KB 11.09.7
< 1 | (3 < | T | r

{Conny

Successfully received a response from the server.
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SLR load cpf orbits

—
Mets3houi SLR Operational Software by Dr, Kirco Arsov
AR SeMtings

Redraw
Residual Begmd

Torget st stop Duration | Pass Rise Riserl, |pis () SET
B POl
=4 SetCur. o |
3 Open CPF Orbits
(@@ « CURRENT |

Name Date modified

sjisai_cpf. 090311 T54Lsgf
andiec_cpf 090911 7542011
andep._cpf 030911 7542.nel
anderra_cpf 071202 8362.n1
anderrp_cpf 080520 6414
beaconc_cpf 030911 7541.591
. | chemp.cpl 0805117542,
compass1_cpf 081204 8391 sha
compassmi_cpf 090910 7531 sha
envisat,cpf 090911 75415
ers2_cpf 090311 7541 sgf

Type

etalon1 _cpf. 090011 7541.sgf




Metsihovi SLR Operational Software by Dr. Kirco Arsov
DOS Commands A032-ET Settings

Start SLR Stop SLR  Redraw
Session Session Residual Begrmd

Load CPF Load CPF E
orbits from FTP  orbits

ion

Sessien
Target Start Stop Duration  Pass Rise Rise El. | Risy SMET |
goce 11 0 0 09,2009 08:03:00 00:06:00 1
terasarx 145 11.09.2009 08:43:45 00:08:00 1L s el |
at 1 1 "
v . i i s || satelites Priorities edit dialog ===}
5 i , Priority  Satelite Name #

01 graceh
01 gracea
02 champ
03 terrasarx
goce

04 envisat
05 ers2

06 fason1
07 fason2

AENEEEEEE

(] cicets
709 larets

7 10 starlette

911 stela

7 12 ajsal

7 13 lageos2

] 14 Iageos1

715 heacone 5

Add sat:

Cancel

Double dick  row to edt
Select rowls) and hit del key to delete
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SLR residuals filter
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SLR residuals filter

I Residuals Filter Settings

Filter 1 Filter 2
BndWdth [ps] 5000 BndWdth [ps] 5000
Criterion Pts 3 Criterion Pts 3
Use Last Nr Pts 2000 Use Last Nr Pts 300
Windows
Plot Every Residual
Loct'rons

Before apphy or OK make sure the satelites wiew is opened once at least




SLR software future work

@ PCle FPGA implementation

@ Smart satellite search, auto RB, TB determination
and setting in real time

@ Auto RG_WIDTH setting
@ Kalman to aid in filtering ?

@ Auto session planning, real time visibility and sat
plot

@ Post processing module (use Graz/RIGA version
for starting)

@ Telescope control module

@ Work on higher rates ?

@ More automation

@ Virtual observation animation




FPGA SLR developments; CPU vs FPGA

@ Field Programmable Gate Array (FPGA):
Executes all "instructions" in parallel.

@ You write massively parallel source code for
FPGA. Code is translated directly into hardware.

@ You can even fit small computers on a single
FPGA (Commodore-64 is popular). FPGA chips
have hundreds of free I/O pins you can use for
whatever you like: DDR2 busses, PCI busses,
motor and robot control, switch-mode supplies,
timing systems, ... SLR telescope control?
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@ Intel Celeron CPU
(1 task/Cycle)
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@ SLR code translated onto
FPGA (500++tasks/cycle?)
Green=memory, blue=SLR
logic, light blue=free
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FPGA project; Hardware used
PCIand PCI- |PCIe

Obsolete The standard
Already faster  Even faster,
than SLR =250MB/s/lane
requires

Cheap sub-$1k  Kits reasonably
evaluation kits  inexpensive

Easy to design  Challenging to
66MHz boards  make GHz

boards
Free PCI Only
software cores  commercial
e for FPGA cores costing
i . =$5000/license

Altera PCI/PCI-X Evaluation Kit €800 Based on a
small Cyclonell FPGA (EP2C35). MAXII CPLD de-
velopment kit, €150 -> Open code to SLR community




Future: Altera Cyclonelll or Xilinx Spartan3 micromodules

=€100, same SLR functionality!

: Just add water (or PCI
"R card edge ©)
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Current status overview

Features at glance

@ Fully controlled and configured over
open-standard Wishbone Interface

@ Uses open-source PCl Wishbone from
OpenCores.org, GNU LGPL

SLR in pure VHDL and Verilog source code
*FPGAs from any vendor might be used

@ Time critical 2KHz operations into hardware
@ Uses multiple clocks derived from H-maser
@ Enables use of SLR frequencies up to 10KHz
°
°

Free le’s »further extensions

Cyclonell/lll FPGAs =0ld enough »free Altera
Quartus 9.x Web Edition ©

Own Windows and linux driver for the board




SLR FPGA description

Functionality

@ Manage the Range Gate pulses

@ Integer and fractional part of the expected RG is
written in the PCI registry sent to the C-SPAD

FIFO of 1024 points is used inside the board
Controlling of the laser fire frequency
user might change on-the-fly the laser frequency

Calibration and CCD control is programmed, and
is fully automatic

Event timing with 5ns resolution

Start as well as stop events are time-stamped and
put into 1024 FIFOs




SLR FPGA description

Functionality

@ Integer and fractional part, so absolute reading is
possible

@ Couple of counters readable, 10MHZ and
200MHz

@ Implemented overlapping avoidance of start and
stop signals and the user might adjust on-the-fly
the intervals of overlapping

@ Calibration mode as well as CCD mode fully
automatic

@ Fully implemented into our SLR software

@ Demo program to test the functionality of the
board




Demo program for board functionality test

- - nla(El

[ PCIFPGA demo program by Dr. Kirco Arsov kircoarsov@1gifi arsovk@yahoo.com

S~ - - S
SLR FPGA driver and demo program by Dr. Kirco Arsov -
Questions and info: kirco.arsov@fgi.fi or arsovk@yahoo.com e st el B Do hach e T
Copyright(c) 2683 Finnish Geodetic Institute gt e 2 aickdlon
This program is neither shareware nor freeware. It may not
be redistributed for profit or any other purpeose without
the authors written consent. If consent granted, this Laser EhechRAM Fifo 0 Chesk Calibration

notice and the authors name must be included in any class
or code used. If the source code of any class of this

program is used in any commercial or other application, \ ) Check Overlap
‘then the authors written consent is mandatory and necessar |72} Chedk Wait |72} Check Start MAX Avoidance

version 1@
O Check RG Pulses ‘ Check Stop MAX ‘ O Exract Binary file

EXIT Glo Resst
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Windows and Linux drivers programmed

Eigenschaften von Satellite Laser Ranging Controller <]

| Allgemein | Tretber | Details | Ressourcen

Satellée Lsser Ranging Controller

&

Treiberarbister:  Metsahovi Radio Obssrvatory
! Treberdatum:  29.01.2010

1.000

Nicht digital signiert

5 Goneanger < —

knon Ancne

D 4 :
Lt JEolieil I AN-4. 1 )

el COM 8.LPT)

o Vo~ Garcomiolk
Treiberdetails Einzelheiten Uber Treiberdateien anzeigen
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I
g 8
=]
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8 3

A ——

T oo Rou it _

f: Eingabegerate (Human Inerface Devices) Treiber aktualisieren Treibersoftware fur deses Gerat aktualisieren

G Gt

! ca D ATAATAP Corttl =

g Letvete = = Vorherigen Treiber venwendsn. falls das Gerat
Voenger T | nach der Treibersktualisienung nicht

e —

¥ 3 Mibfnbtionspter ordnungsgemal furkdioniert
1 Sl s Rnging o]}

e

Das ahite Gerat deakti d

Treiber deinstalieren (Evwetert)
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Project documentation

Metsahoui SLR Design Documentation.pdf - Adobe Acrobat Professional -

File Edit View Document Comments Forms Tools Advanced Window Help x

) Create PDF - @Combmeﬁles' G ot - 1] sartMecting - g Secure v sign = [E] Forms = (5 Review & Comment -
e e o o0 BHa :

Mets&hovi SLR Design Document

K. Arsov, Finnish Geodetic institute
Kirco.arsov@fgi.fi

Abstract — This is the design document for the new FPGA-based Satellite Laser Ranging controller developed the Finnish
‘Geodetic Institute.

Index Terms — N/A

board. For that a FIFO of 1024 points is used
inside the board. Other functionality is
controlling of the laser fire frequency, where
the user might change on-the-fly the laser
frequency. Also a calibration and CCD control
is programmed, and fully automatic. One
other application implemented in the board is

1 INTRODUCTION
his is the design document for the new
FPGA-based Satellite Laser Ranging
system developed at the Finnish
Geodetic Institute in Spring 2010. In its

current version it offers 5ns timing resolution
on the low-cost Cyclone || FPGA. A smaller
project targetting the Altera MAX 1l
devalnnment haard of 100 FIUIR is alsn

Event timing with 5ns resolution. The start as
well as stop events are timestamped and put
into 1024 FIFOs in the board having integer

aned fractinnal nart ea ahcalita raadind ic




'” Note on OA

Shift=2*win+margin

Raw laser Shifted laser
-win o *win -win 0 +win
L 1 Lo V3 1 [ 72
i ' “ dT=margin ~ ' ~
Fovip_raw, ind' Fovip_“shf ina
noovip _ . p-noove noovie

RG pulse
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OA verilog comments

!/
//
!/
//
//
1/
!/
//
//
!/
//
//
//
//
1/
!/
//

Description: Laser pwm and range gate pulses as input.

Outputs a shifted laser pwm signal that
attempts to avoid overlap of laser and range gate.

Attempts to keep the rising(!) edges of the laser
at a certain minimum distance away from range gate
pulses. The window is symmetric, laser to RG

and RG to laser edge time deltas are kept

longer than the window time by adjusting the

laser phase shift when it seems that laser/RG

are too close.

Adjustment method: overlap of direct Laser pwm and a
fixed-delay (2+xwindow+T) Laser pwm versus Range gate
is monitored. If direct pwm indicates overlap,
we output the fixed-delay pwm. And vice versa.



A verilog comments

//

// Does NOT act based on the _current_ range gate

// target. The time deltas are always taken from

// the latest pulses already output.

//

// Note: the pulses are allowed to overlap in

// time e.g. when pulse widths or duty cycle are long.

// Only the rising edges are not allowed to be too close.
//

! // output <= Raw_Laser when overlap_shifted_ind=='1’ else
// Shifted_Laser when overlap_raw_ind=="1’ else
// WhateverWasSelectedLastTime;

//

S
/SNS‘\/\




And very important...

IT IS FREE TO ANYONE INTERESTED!!

(GPL) licence; FPGA Verilog + Demo
Code freely available to SLR
community!



That’s all folks...

THANK YOU

FOR YOUR ATTENTION

Questions?
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